(Received 1 November 1938) IN all earlier paper [Weil-Malherbe, 1938 ] the formation of a reducing substance from acetoacetic acid by rat kidney slices was reported. It will be shown that this substance is very probably glucose.
This observation is of interest in view of the still unsettled question of the transformation of fat into carbohydrate. Blixenkrone-M0ller [1938] found an increase of liver glycogen after perfusion of cat liver with Na butyrate, but not with fl-hydroxybutyrate. Haarmann & Schroeder [1938] described the formation of reducing substances from ,B-hydroxybutyric and dihydroxybutyric acids, but no evidence was brought forward by which these substances could be conclusively identified as carbohydrates. How important this identification is will be obvious in the light of the fact that, while the reducing compound formed by rat kidney slices from the first substance is glucose, it is mainly oc-hydroxyacetoacetic acid or acetol in the second case.
Benoy & Elliott [1937] showed that a considerable increase of total carbohydrate is found after the aerobic incubation of rat kidney slices with pyruvate and, to a smaller extent, also with lactate, succinate or malate, though no synthesis of glycogen occurs in kidney.
EXPERIMENTAL
Estimation of reducing power. The reagent of Somogyi [1937] was used throughout. An empirical calibration curve for glucose was determined, which was almost linear except for very low concentrations, 1 ml. M/100 12 indicating 30,ul. glucose. In the case of acetol 1 ml. indicates 112 ,u.
If not stated otherwise, proteins and interfering substances were removed by Cd(OH)2 precipitation [Miller & Van Slyke, 1936] . The reagent used contained 13-0 g. 3CdSO4, 8H20 and 63-5 ml. N H2SO4 in 100 ml. 0-8 ml. of this solution+ 1 1 ml. N NaOH were added per 10 ml.
The results are expressed in the conven'tional Q-units e.g.
l. glucose mg. dry wt. xhr.
I. Formation of a reducing substance After aerobic incubation of rat kidney slices with acetoacetic acid an increased amount of a reducing substance is found in the suspension fluid. The magnitude of the effect may be seen from Table I where the results are calculated on the assumption that the reducing substance is glucose. The amount of reducing substance slowly increases with time ( Fig. 1 (2) One of the most characteristic properties of glucose is its fermentability by yeast. Instead of estimating the reduction before and after fermentation, as is the usual procedure, the C02 of fermentation was measured manometrically thus preventing the possible loss of reducing substances by processes other than fermentation. The ratio of pl. glucose by reduction: ou. 002 Of fermentation was simultaneously determined in the experimental solutions and in a standard solution of glucose. The latter was made up with an amount of saline equal to that used for the experiment and was subsequently subjected to an identical treatment so that the final salt concentration in the standard and experimental solutions was the same. In addition a control solution without glucose containing an equal salt concentration was prepared. This was found necessary, as the blank gas evolution was somewhat increased in the high salt concentration. Also the yield of CO2 of fermentation which was 90-92 % in M/30 KH2PO4 (reduction/fermentation=0.55) was slightly lower and varied from 82 to 90%
(reduction/fermentation=0-61-0-56) according to the method of deproteinization and the salt concentration which it entailed. The yield was highest after a simple kieselguhr filtration though in the experimental solutions the reduction value greatly exceeded the value calculated from the fermentation, especially in absence of the substrate (Table II) . The lowest yield (82 %) was obtained after a combined tungstic acid-Cd(OH)2 deproteinization, but by this procedure most of the non-sugar reducing material appeared to be eliminated and the ratio of reduction/fermentation was almost identical in the experimental and standard solutions. This is strong evidence for the identity of the substance estimated in both cases. Duration of the experiment: 3 hr.
Deproteinization. Exp. 1: 1 ml. 10% H3PO4 (10vol. syrupy H,PO4 in 100 vol. solution) was added to vessel I and 1-5 ml. 10 % H,PO0 to vessel II. After hr. in a boiling water bath (see below) the solutions were brought to pH 5-6 by the addition of 1 ml. and 1-5 ml. N NaOH respectively, and filtered after addition of kieselguhr.
Exp. 2: 3 ml. CdSO4 so. and 4 ml. N NaOH added and centrifuged.
Exp. 3: 2-5 ml. N H2SO4 and2-5 ml. 10 % Na2WO4 were added and the Sol. centrifuged after 10 min. 2 ml. CdSO4 sol. and 4 ml. N NaOH were then added to the supernatant solution and it was again centrifuged.
The deproteinized solutions were placed in a boiling water bath for 30 min. to decompose excess acetoacetic acid. After cooling they were adjusted to pH 5-6 by thQ addition of 10% H3PO4 and evaporated to dryness in vacuo. The dry residue was taken up in 5 ml. water. 2 ml. were transferred to the manometer vessel for the measurement of fermentation, while the remainder was used for estimation of reducing power. The side bulb of the manometer vessel contained 0*5 ml. of a 10% suspension of well washed D.C.L. baker's yeast in M/30 KH2PO4. The gas space was filled with 5 % CO2 in N2, freed from O2 over hot copper. Control vessels containing salt solutions with and without a known amount of glucose were set up simultaneously. The measurement was carried out at 25°.
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(3) Finally glucose was estimated by the method of Butkevi6 & Gajevskaja [1935] based on the colorimetric estimation of the osazone formed from glucose. The conditions worked out by these authors were rigorously adhered to, except that a glucose standard solution was used for the preparation of the colorimetric standard (Table III) . M/50 acetoacetate 030 0-21 The arrangement of the experiment was as described under (1). After Cd(OH)2 precipitation acetoacetic acid was decomposed by boiling and acetone removed by evaporation in vacuo as under (2). The residue was taken up in 10 ml. water, of which 3 ml. were used for estimation of reducing power and the rest for osazone formation. No hydrazone was formed with a pure solution of acetoacetic acid treated in this way.
The experiments described show that, on incubation of rat kidney slices with acetoacetic acid, a soluble, reducing, fermentable and osazone-yielding substance is formed in amounts which are from 3 to 7 times larger than in the control. The relative increase is larger with the more specific fermentation and osazone methods than with the unspecific reduction method. Since the skatole test which at 800 is specific for aldohexoses was strongly positive, it can be safely assumed that the substance in question is indeed glucose.
III. Increase of total fermentable carbohydrate It remained to decide whether the effect observed was due to a sparing action of acetoacetic acid on preformed carbohydrate or to a true synthesis of glucose. Analyses of the total fermentable carbohydrate showed a considerable increase after incubation with acetoacetic acid, thus indicating a synthesis (Table IV) . Bicarb. saline (ml.) to Vessel and mortar were rinsed 3 times with 1 ml. N H2S04. The test tube was heated in a boiling water bath for 3 hr. After cooling, 2-5 ml. 10 % NaOH and 1-3 ml. 10 % sodium tungstate were added, the volume measured and the solution centrifuged. 1 ml. CdSO4 sol. and 0-4 ml. 20 % NaOH were added to the measured supernatant fluid and it was again centrifuged. The clear solution was made up to 10 ml. or, if more than 10 ml., its volume noted. The estimation of reducing power was carried out with 5 ml. before, and with 5 ml. after fermentation. For fermentation 5 ml. of a 10 % suspension of well washed baker's yeast were centrifuged and the solution to be fermented was added to the residue. After thorough mixing the tube was left at room temp. for 15 min. before it was again centrifuged and the reduction determined in the supernatant solution.
IV. The nature of the reducing substance formed from dihydroxybutyric acid by rat kidney slices Previously [Weil-Malherbe, 1938 ] experiments with rat kidney slices were described showing the disappearance of dihydroxybutyric acid and the simultaneous formation of a reducing compound. The latter was assumed to be largely acetol, since the intensity of the fluorescence test with o-aminobenzaldehyde roughly corresponded to that obtained with a solution containing an amount of acetol equivalent to the reduction value of the experimental solution. It was however desirable, in view of the results obtained with acetoacetic acid, to adduce further evidence and to decide whether glucose was formed besides acetol and if so in what quantity. The reducing power was therefore determined in the experimental solution before and after evaporation to dryness in vacuo, and the soluble fermentable carbohydrate in the non-volatile residue. The same analytical procedure was carried out with a control (no substrate) and with an experiment with acetoacetic acid as substrate. The decrease of reducing power after evaporation was calculated as acetol, that after fermentation as glucose. Each of three vessels contained about 80 mg. slices (dry wt.) suspended in 8 ml. bicarbonatesaline. There was no substrate in the first, M/50 dl-threo-1:2-dihydroxybutyrate in the second and M/50 acetoacetate in the third vessel. The gas space was filled with 5 % C02 in 02. After an incubation of 2i hr. the solution was acidified with 0 3 ml. 2 N HCI, the tissue was removed and the solution neutralized to litmus with about 0 33 ml. N NaOH. A little kieselguhr was added and the solution was heated in a boiling water bath for 5 min. The clear filtrate was made up to 10 ml.: 3 ml. were taken for the estimation of reducing power immediately and the remaining 7 ml. were evaporated in vacuo to dryness. 2 ml. water were added to the dry residue, again evaporated and this process was repeated once more. The residue was taken up in 10 ml. water: 5 ml. were used for reduction before, and 5 ml. after fermentation, as described. A large proportion of the volatile reducing substance was recovered in the distillate from the solution containing dihydroxybutyric acid, whereas the distillates from the other two solutions did not contain any reducing substance.
It is quite clear from Table V that the results fully confirm the earlier observations and conclusions. A considerable quantity of a volatile reducing substance is formed in the experiment with dihydroxybutyric acid, but none in the control or in the acetoacetate experiment. The small amount of "acetol" found in Exp. 2 in the presence of acetoacetic acid is within the experimental error and is therefore insignificant. On the other hand much more soluble fermentable carbohydrate is found in the presence of acetoacetic acid than in the other experiments. As far as the formation of glucose from dihydroxybutyric acid is concerned, there was no increase over the control in Exp. 2. Almost the same value as in Exp. 2 was observed in Exp. 1, but here the amount found in the control was unusually low and the apparent increase may well have been due to a sparing action.
There is therefore hardly any doubt that the metabolism of dihydroxybutyric acid and that of acetoacetic acid follow different routes and our earlier conclusion that neither dihydroxybutyric nor hydroxyacetoacetic acid is an intermediary in the oxidation of acetoacetic acid is confirmed.
V. The mechanism of the formation of glucose from acetoacetic acid Benoy & Elliott [1937] find that the greatest synthesis of carbohydrate in rat kidney is observed in presence of pyruvic acid, and they conclude that pyruvic acid is an intermediary in the process of carbohydrate synthesis from other substrates, such as lactic, succinic and malic acids and alanine, all of which are known to be con- Embden & Oppenheimer [1912] , Annau [1934] and Edson [1935] for liver; Fig. 2 . Formation of reducing Annau [1935] for liver, muscle and kidney; Weil-substance (cal. as glucose) Malherbe [1936] for brain; Krebs & Johnson [1937] It is confirmed that no acetol is formed from acetoacetic acid, whereas the reducing substance formed from dihydroxybutyric acid is largely acetol, only a minute fraction being glucose.
It is suggested that pyruvic acid is an intermediary in the synthesis of glucose from acetoacetic acid.
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